Consumption of safe drinking water is essential to human health. The excess of certain elements in drinking water causes health problem for people consuming these waters. In Senegal, the excessive levels of fluoride and salts found in the groundnut basin cause public health problem such as dental and/or skeletal fluorosis. Thus, the treatment of such waters is essential before consumption to prevent health problems. For a partial removal of fluoride and salinity, we tested the performance of two commercial nanofiltration membranes namely TFC-SR3 and SelRO MPF-34 at laboratory scale. The results showed that TFC-SR3 membrane was very efficient with rejection rates of 83% -96% for fluoride ions and 89% -96% for salinity. For SelRo MPF-34 membrane, retention rates of 25% -52% were obtained for fluoride ions and 24% -60% for the salinity.
Introduction
In the groundnut basin of Senegal, high fluoride and salinity concentrations are found in groundwater [1] . Fluoride concentrations above 1.5 mg/L are known to cause dental fluorosis while those greater than 4 mg/L can cause crippling skeletal fluorosis [1] [2] . In Senegal, fluorosis is among the most common diseases due to water quality [3] . The problem not only affects public health, but also hinders rural activities such as agriculture and economic activities. The solution to the problem requires the implementation and development of effective methods of treatment at affordable costs.
The nanofiltration (NF) due to its ionic rejection characteristic can be an effective technology for the treatment of groundwater with high contents of salinity and fluoride [4] - [8] . Furthermore, the low pressure required for the functioning process facilitates its application in rural and isolated areas where grid power is not supplied, by using photovoltaic energy generated by solar cells [9] . The aim of our study was to investigate, at laboratory scale, the performance of two commercial nanofiltration membranes namely TFC-SR3 and SelRo MPF-34 for a partial removal of fluoride and salinity from groundnut basin of Senegal.
Materials and Methods

Membranes and Equipment
The membranes used in this work were TFC-SR3 and SelRo MPF-34 (Nanofiltration Inc. sterling), a TFC polymer membrane (TFC-SR3) and polymer proprietary (SelRo MPF-34). According to the manufacturer, these membranes have a nominal molecular weight cut off (MWCO) of 200 Dalton, with an operational pH range varying from 4 to 10 for TFC-SR3 membrane and from 0 to 14 for SelRo MPF-34 membrane.
Experimental Procedure
A commercial membrane module of 1.59 × 10 −3 m 2 effective area in stainless steel pressure housing was incorporated into a membrane pilot system assembled in the laboratory. The system was skid-mounted using stainless steel feed tank of 2 L capacity. High pressure gas nitrogen capable of maintaining pressure up to 12 bars and feed flow rate of 20 mL/h was installed at the dead end of the feed tank to facilitate the transport of feed solution through the membrane module. The membrane module was operated in frontal mode and all experiments were performed at ambient temperature. The solute rejection rate, R (%), was calculated based on the following equation:
where C f and C p are concentrations (mg/L) of the solute in the feed and permeate solutions respectively. The retentions of salt were determined using an electrical conductivity meter (HI99300-HI99301 HANNA). The concentrations of fluoride were determined by using a colorimetric method in the SPADNS reagents with a "MULTIDIRECT" spectrophotometer while pH measurements are made by means of a pH meter WTW pH330i/SET.
In this work we had chosen six sampling sites among the three cities of Diourbel, Fatick and Kaolack and where the excess of fluoride and salinity is well-known. One sampling site is chosen both in rural area and urban area for each of the three cities. In rural area, the letter "R" is used to name the sample while in urban area the letter "U" is used. So, samples taken in Fatick are named RF and UF for rural area and urban area respectively; the samples taken in Kaolack are named RK and UK for rural area and urban area respectively and finally the samples taken in Diourbel are named RD and UD for rural area and urban area respectively.
Results and Discussion
Fluoride Concentration and Conductivity in the Feed Water for the Different Sites
The results obtained show that fluoride concentration levels in the feed water was higher than the value recommended by world health organization (WHO) which is included between 0.5 and 1.5 mg/L (Figure 1) .
The concentration of fluoride in all sites ranged from 2.6 mg/L and 4.45 mg/L, thus exceeding the WHO guidelines and may have adverse effects on human health. For conductivity measurements, results obtained show also high values exceeding WHO guidelines. In fact, the conductivity in water analyzed in all the sites ranged from 1600 to 2560 µS/cm (Figure 2 ) while conductivity recommended in drinking water by WHO is 1000 µS/cm. 
Effect of the Trans-Membrane Pressure
Nanofiltration is a pressure driven membrane process and the trans-membrane pressure (TMP) plays an important role in separations mechanisms. To investigate the influence of the TMP on permeation and rejection, a solution with fluoride concentration of 4.28 mg/L was used as the feed at pH 8.0. Permeation fluxes and rejection of fluoride by TFC-SR3 membrane with TMP varying in the range of 8 -14 bar are depicted in the Figure 3 . With the increase of the TMP, the permeation flux increased linearly and the retention increase also before remaining nearly constant at given pressure, 10 bar in our case. At a high TMP, the transport of water molecules accelerates [10] , but the TMP did not accelerate the diffusion of solute ions [11] , thus the permeation concentration decreased, resulting in higher fluoride retention. At 8 bars, the retention of fluoride was about 87% and the permeation flux was 12.5 L/m 2 •h.
Fluoride Rejection
Experimental data on fluoride rejection according to filtration time for TFC-SR3 and SelRo MPF-34 membranes are displayed in Figure 4 . During a filtration period ranging from 1 to 30 hours, the rejection rate of fluoride was fairly constant with a value of 95% for TFC-SR3 membrane while for the SelRo MPF-34 membrane we noticed a slight increase of the fluoride rejection rate from 45% to 54%. Beyond 30 hours of filtration, the fluoride rejection rate gradually decreases from 95% to 83% and from 54% to 24% for TFC-SR3 membrane and for SelRo MPF-34 membrane, respectively.
The results showed that the TFC-SR3 membrane is more effective and suitable than SelRo MPF-34 membrane for reducing the excess of fluoride and salts in drinking water. The difference on the rejection of salts and fluoride between TFC-SR3 and SelRo MPF-34 membranes was due to difference of intrinsic properties of these membranes. The decline of the rejection rate for fluoride was assumed to be due to the membrane fouling [3] The results of Figure 5 show that the flux remains constant between 1 to 30 hours for the TFC-SR3 membrane beyond the flux decreases to 7 L/m 2 •h at 61 hours. While for SelRo MPF-34 membrane, the flux remains constant from 1 to 24 hours beyond it decreases to 9 L/m 2 •h at 61 hours functioning. The decrease in flux may be due to fouling membrane [3] . It emerges from these results that the permeability of SelR MPF-34 membrane is higher and that fouling phenomena happen very quickly with the TFC-SR3 membrane.
Salinity Rejection
Salt rejection is an important factor to evaluate the electrostatic repulsion properties of the NF membrane. For charged NF membranes, the performance of ion separation is controlled primarily by Donnan exclusion effect which increases with membrane charge [12] . Because ion strength is too high in seawater, Donnan exclusion mechanism could not be used to explain the observation from a view of surface charge. Salt rejection by NF membrane could be influenced by the combination of the size exclusion and diffusion control theories [13] . During the long-term operation, the salt rejection (calculated by conductivity) was measured (Figure 6) . The rejection rate of conductivity is constant during the experience with TFC-SR3 membrane, it was about 96%. But for SelRo MPF-34 the rejection rate is constant during 7 hour, beyond the rejection rate decreases gradually till 27% at 61 hour functioning.
Conclusion
Use of NF membranes is steeply increasing in industrial separation processes, leading to considerable research efforts. Apart from the economical advantages due to the decrease of operational costs when using NF instead of more traditional procedures, the improvement of performances makes them particularly attractive. In the present study, two commercial NF membranes have been used for validating experimental data of fluoride and salt rejection. In this study we noticed that the concentration of fluoride and conductivity in the samples of feed water from groundnut basin in Senegal are higher than those recommended by the WHO. The experimental data show that, the TFC-SR3 membrane is more effective and more suitable than the SelRo MPF-34 membrane with a rejection rate of fluoride varying from 87% to 95% and the salt rejection was constant at nearly 96%, whereas for the SelRo MPF-34 membrane, the fluoride rejection rate and salt varied respectively from 25% to 52% and 24% to 60%. The experimental data show that, the fluoride rejection decreases according to time due to the membrane fouling. In the future, characterizations studies such as measurement of the density of surface charge, zeta potentials, atomic force microscopy and scanning electron microscopy measurements of the membranes are expected. Furthermore, the application of these results in sites is planned to be done.
